Worldwide variation in the pattern and incidence of childhood cancer in different ethnic populations is a wellestablished phenomenon (Parkin et al., 1988 ) that offers insight into the causes of the disease. In particular, the study of immigrant populations (Goodman et al., 1989a, b) may uncover environmental factors in the aetiology of diseases in which the disease pattern changes over time towards that seen in the indigenous population. In the UK, ethnic minorities now constitute up to 27% of the population in some metropolitan boroughs (Haskey, 1991) . However, research into childhood cancer in these groups has been limited , partly because of the difficulties of obtaining ethnic population data and partly because ethnic group is not routinely recorded in cancer registrations.
Incidence rates have recently been calculated (Powell et al., 1994) for cancer in white and Asian children living in the West Midlands Health Authority Region, where nearly 10% of all children belong to Asian ethnic minorities. These revealed a different pattern of cancers in the two groups and suggested that Asian children were at significantly greater risk of cancer (relative risk 1.43, 95% CI 1.05-1.93) than white children. This excess may reflect differences in social conditions and/or genetic influences. Senior and Bhopal (1994) have observed that the word 'Asian' is too broad a term to classify migrants from the Indian subcontinent, who are culturally as well as geographically diverse. Furthermore, some groups have been settled in this country for a longer period and have become more westernised. In the West Midlands, Pakistanis and Bangladeshis are the most recent Asian immigrants, and compared with the Indians are of lower social class, often unemployed and have a poor command of English (Bundey et al., 1990) .
Religion is a factor that may be particularly relevant to malignant disease. Consanguineous marriages are common within some religious groups, particularly Pakistani Muslims (Bundey et al., 1990) . High rates of congenital abnormalities are seen in the children of consanguineous Pakistani Muslims (Bundey et al., 1991) and consanguinity may perhaps contribute to the higher cancer incidence in Asian children (Powell et al., 1994) . We therefore investigated cancer incidence and congenital abnormalities in Muslim and nonMuslim Asian children living in the West Midlands.
Methods
The West Midlands Regional Children's Tumour Research Group (WMRCTRG) maintains a population-based register of all cases of childhood cancer diagnosed in residents of the West Midlands Region and also reviews the histopathology of the cases (Muir et al., 1992) . The WMRCTRG codes four categories of ethnic origin; these are 'White Caucasian', 'Asian', 'Black' and 'Other', the (OPCS, 1982) , the 1986-88 Labour Force Surveys (Haskey, 1991) and the 1991 census (OPCS, 1992) . Population figures for the remaining years were estimated by linear interpolation. Using these figures, age-standardised incidence rates (ASRs), standardised to the world population by the direct method (Boyle and Parkin, 1991) , were calculated for white people, for Indian and East African Asians and for Pakistani and Bangladeshi Asians. ASRs were derived for all tumours, and for broad tumour categories. Differences in the ASRs were measured using the standardised rate ratio (SRR) (Boyle and Parkin, 1991) .
Congenital abnormalities or genetic conditions mentioned in the Asian children's clinical records were noted. The occurrence of any of these conditions, or of childhood cancer, in the near relatives was also recorded. A further source of information was provided by the cancer registration forms of the United Kingdom Childhood Cancer Study Group (UKCCSG). These forms, which specifically ask about congenital abnormalities and the health of relatives, were available for over 80% of the Asian children in the study.
All genetic conditions were classified as autosomal recessive (AR), autosomal dominant (AD) or sporadic (McKusick, 1978) 
Results
The West Midlands Health Authority Region contains 227 000 Asians, of whom 57% are of Indian, 36% of Pakistani and 7% of Bangladeshi origin (OPCS, 1992 ). This figure includes 96 100 children aged under 15 years, of whom 52% are of Pakistani/Bangladeshi origin.
Cancer incidence Between 1978 and 1992, 187 cases of cancer were diagnosed in Asians and 1608 cases in white children under 15 years of age and resident in the Region. The country of origin and religion of the Asian cases is shown in Table I . In all, 54% (101/187) of Asian patients were Muslim and 46% nonMuslim. All children originating from Pakistan and Bangladesh were Muslim, compared with only 6% of Indians. For five patients whose religion was determined by examination of names, country of origin was not known. Consequently the two non-Muslims were assumed to be Indian and three Muslims were assumed to be Pakistani. Fifty-one per cent (96/187) of the cancer cases occurred in Pakistani/Bangladeshi children (hereafter referred to as Pakistani), while 49% (91/187) were in children of Indian/East African (hereafter referred to as Indian) origin. Furthermore four Muslims and three non-Muslims without recorded malformations had a family history of childhood cancer. Among the Muslims, a retinoblastoma case had a sibling with a brain tumour and a second cousin with neuroblastoma. A second retinoblastoma case had a sibling with Hodgkin's disease. Two patients with neuroblastoma and acute myelogenous leukaemia (AML) both had first cousins with respectively a CNS tumour and neuroblastoma. Among the non-Muslims, a child with Wilms' tumour had a first cousin with leukaemia, and in another family two siblings had bilateral retinoblastoma (as did their father). In total, 11% of Muslim and 3.5% of non-Muslim cancer patients had a family history of childhood cancer (P = 0.06). In 9% of Muslims, first-degree relatives were affected; in 7% the cancer occurred in association with malformations.
Many of the observed malformations were recognised cancer-malformation or predisposition syndromes. In our series, 10% (10/101) of the Muslim children had cancer malformation syndromes compared with 2% of non-Muslims (2/86, P <0.05). In the Muslims, three of the eight autosomal recessive conditions and all five dominant disorders were cancer-malformation syndromes. In total, cancer-malformation/predisposition syndromes accounted for nearly half (10/ 21) of the abnormalities found in Muslims.
Discussion
Although it forms the largest ethnic minority group in the UK, the Asian community is not a culturally homogeneous group, a fact that has not been addressed in previous studies of childhood cancer in Asians Powell et al., 1994) . Dividing the Asians into Indians (non-Muslims) and Pakistanis/Bangladeshis (Muslims) may give a much clearer picture of the epidemiology, despite the reduction in numbers in the study groups.
The incidence rates presented here, and the tests of statistical significance, must be interpreted cautiously since two of the three sets of population figures employed are surveybased estimates, which are thought to underestimate the ethnic minorities (Haskey, 1991) . Furthermore, the 1991 census figures may also underestimate the ethnic minority population (Carr-Hill, 1993 (Owen, 1993) . However, patterns of childhood infection are also thought to be important in the aetiology of leukaemia (Kinlen, 1990) . The similarity of the leukaemia rates found in all three groups perhaps casts doubt on whether overcrowding could be an aetiological factor.
The higher incidence of some types of tumour in the Pakistani population compared with the Indian, however, suggests that Pakistani cultural and lifestyle factors (including consanguinity) may play an important role in the aetiology of cancers in these children. The socioeconomic difference was only marginally significant, note that two of the non-Muslim cases were of familial retinoblastoma, for which the mechanisms of heredity are well known (Vogel, 1979) . In all the other cases, as yet unidentified genes may predispose to the development of cancer in these families. When malformations are present, this suggests that the same genes may be causing both the malformation and the cancer. Secondly, many of the abnormalities seen are recognised cancer-malformation syndromes. These syndromes are significantly more common in Muslim cancer patients (10%) than in non-Muslims (2%). An earlier UK-based case-control study of cancer and congenital abnormalities (Mann et al., 1993) , where 93% of the respondents were white, found that 11% of cases and 5% of controls had congenital abnormalities but the majority (92%) of these conditions were sporadic. Familial childhood cancers were rare (0.4% of cases, 3% of malformations), as were cancer malformation syndromes (1.1 % of cases, 10% of malformations). Our figures for non-Muslim Asian children do not differ significantly from these reported values for white children but the pattern of malformations in Muslims is clearly different. This reinforces our assertion that in Muslims, the excess of cancer and of genetic abnormalities is linked, and that the abnormal genes that give rise to both conditions have been inherited, the responsible mutations probably having occurred in an earlier generation.
Application of the age-specific cancer incidence rates for Indians to the Pakistani population reveals that there were 28 more cases among the Muslims than expected. Known cancer-malformation/predisposition syndromes were present in ten Muslims, and in a further six cases a sibling also had cancer. This suggests that around half of the Pakistani cancer excess may be attributable to genetic factors. However, it is predominantly in the solid and CNS tumours that Pakistanis show differences from the Indians, and CNS and solid tumours account for only 57% (12/21) of the malformationlinked tumours (69% among the dominant and recessive malformations). It may be that while genetic factors contribute to the overall tumour excess in Muslims, other, possibly environmental, factors are responsible for the particular distribution of cancer types.
Parental consanguinity has been implicated as causing 60% of the mortality and severe morbidity in Pakistani children in Birmingham, autosomal recessive disorders affecting 3.7% of children (Bundey and Alam, 1993) . The fact that a significantly higher (P <0.05) proportion of cancer patients (8%) had autosomal recessive disorders provides evidence that consanguinity also increases the risk of cancer. The fact that five of the eight recessive conditions were either familial cancers or known cancer-malformation syndromes adds weight to this argument.
What consanguinity cannot easily explain is the presence of so many autosomal dominant conditions, rare in the general population, whose presence in our study was closely linked to the development of the tumours. The occurrence of some autosomal dominant conditions has been related to higher paternal age at conception (Murdoch et al., 1972; Jones et al., 1975) , in the current generation, or in previous generations. High paternal age is frequent in Pakistani families because of the large number of pregnancies (Bundey et al., 1990) . However, among the conditions present in our patients, neither neurofibromatosis nor tuberous sclerosis has yet been found to be related to older paternal age at conception. Moreover, in the two cases where the condition appeared to be a new mutation, the fathers were aged under 35 years at conception.
It is recognised that the present study has several shortcomings. Examination of hospital records alone is unlikely to give a complete picture of family health. The lack of a direct control group also makes interpretation of the results difficult. Nevertheless, the unusual pattern of cancer-linked malformations in the Muslim cases indicates that this group requires further study. In practice, questionnaire-based case-control studies often fail to include sufficient ethnic minority patients because of language difficulties. A casecontrol study of UK Asians is required in order to determine the extent to which consanguinity, paternal age and environmental factors are responsible for the cancer excess in Muslims.
Conclusions
The incidence of childhood cancer in West Midlands Pakistani children is higher than that seen in Indian or white children. These Pakistani children also show an excess of congenital abnormalities caused by autosomal recessive and dominant genes. Consanguineous marriages and a high paternal age at conception are likely to have contributed to the cancer excess in this group.
We recommend that future research into the patterns and incidence of childhood cancer, and other illnesses in Asian children, should accurately record ethnic origin, religion, parental age and consanguinity since, as our study shows, the cultural and genetic differences between Muslim and nonMuslim may have a significant impact on disease susceptibility.
